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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide flat leaf-like rare earth-iron-boron magnet alloy particle 
powder for a bonded magnet which is provided with a large residual magnetic flux density Br and 
high coercive force iHc with* a large maximum magnetic energy product (BH)max, superior rust- 
proof property and superior leafing effect a manufacturing method and a bonded magnet, using 
the rare earth-iron-boron magnet alloy particle powder. 

SOLUTION: This flat-leaf-like rare earth-iron-boron magnet alloy particle powder whose 
average long a xis diameter i s 60-500 //m, average r[ short axis diameter of 5Q-460 #m, with 
average thickness of 3-10o7*m, average axis ratio of 1.1-10 and average aspect ratio of 3-100 
is obtained by heating and dissolving the coarse alloy of a rare earth-iron-boron type, turning it 
into a molten alloy, making it flow out from a nozzle, generating the liquid drop of the molten 
alloy by an atomizing gas to the flow-out molten alloy, cooling and solidifying it by making the 
liquid drop collide with the surface of a rotary cooling body of a conical shape or a disk shape, 
turning it into a rapidly cooled solidified particle powder, and then performing heat treatment in 
the temperature range of 500-850° C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the bond magnet using 
the big residual magnetic flux density Br, 9.5 or more kGs and the high coercive force iHc, the 
foliaceous rare earth-iron-boron system magnet-alloy particle powder of the flat tree for bond 
magnets that had 3.5 or more kOes, consequently whose maximum magnetic-energy (product 
BH) max was large, and was excellent in rust-prevention nature especially, and was excellent in 
the leafing effect, its manufacturing method, and this rare earth-iron-boron system magnet-alloy 
particle powder especially. 
[0002] 

[Description of the Prior Art] Since a bond magnet has advantages, such as the configuration 
free nature, high dimensional accuracy, etc., although it is widely used for various uses, such as 
an electric product and autoparts, from the former, the miniaturization of the bond magnet itself 
used for this is strongly demanded with small and lightweight-izing of an electric product or 
autoparts in recent years. 

[0003] For the miniaturization of a bond magnet, it has magnetic highly efficient-ization, i.e., the 
big residual magnetic flux density Br and the high coercive force iHc, consequently it is required 
strongly that maximum magnetic-energy (product BH) max should be large. 
[0004] As everyone knows, since ferrite powder is an oxide, and it excels in corrosion resistance 
and is manufactured using cheap raw materials, such as oxides, such as barium and strontium, 
and a ferric acid ghost, the bond magnet (henceforth a "ferrite bond magnet") using 
magnetoplumbite type ferrites, such as a barium ferrite and a strontium ferrite, is used 
economically and widely. 

[0005] However, a residual magnetic flux density Br is not [ about 2-3 kGs and coercive force 
iHc / about 2-3 kOes and maximum magnetic-energy (product BH) max ] usually enough [ the 
magnetic properties of this ferrite bond magnet] for small [ of the device used being about 1.6- 
2.3 MGOes ], and lightweight-izing. : 
[0006] The demand to magnetic highly-efficient-izing and magnetic low-pricing does not have 
the place which remains, since the Nd-iron-boron system magnet alloy using Nd which is a low 
price comparatively also among rare earth elements was developed by Sumitomo Special Metals 
Co., Ltd. and U.S. General Motors almost simultaneous, it is widely applied to various uses and 
expansion to a bond magnet has also been performed in 1982. Furthermore, in quest of 
improvement in the magnetic properties, development of a rare earth-iron-boron system 
exchange spring magnet alloy is prosperous, and the part is already put in practical use. 
[0007] The aforementioned exchange spring magnet is expected as what has high possibility of a 
magnetic spring phenomenon being shown, and the feature being having a low rare earth content 
and the big residual magnetic flux density Br, and becoming the magnet excellent in cost 
performance by the exchange interaction of iron (alphaFe) or an iron compound, and a Nd2Fe 
14B1 type tetragonal compound. 

[0008] That is, since the rare earth-iron-boron system exchange spring magnet alloy of under 10 
atom % can reduce the content of expensive rare earth with the high and potential on magnetic 



properties compared with the rare earth-iron-boron system magnet alloy of 10 - 15 atom % with 
the amounts of rare earth near a stoichiometric composition, such as Nd, like 
"MQP" (tradename) of marketing which General Motors developed, the amounts of rare earth, 
such as Nd, have the feature of being economical. 

[0009] There are a system to which the amounts of rare earth, such as Above Nd, contain 
alphaFe in the rare earth-iron-boron system exchange spring magnet alloy of under 10 atom % as 
a soft-magnetism phase, and a system containing Fe3B or Fe2B. Although coercive force iHc of 
the latter is generally comparatively as high as 3.5-7. 7kOe, since coercive force iHc is at most 
less than 3.5 kOes and a low thing although the residual magnetic flux density Br of the former is 
generally as large as 10-13kG, and a residual magnetic flux density Br is about 10 or less kGs, 
although a residual magnetic flux density Br is large compared with "MQP'', compared with 
alphaFe subject system, it is a low thing. 

[0010] by the way, in fields, such as a small motor which are the main uses of the bond magnet 
using the rare earth-iron-boron system magnet alloy, to be the magnetic properties which 
maintained the balance which is a residual magnetic flux density Br and coercive force iHc, i.e., 
for a residual magnetic flux density Br to be [ 9.5 or more kGs and coercive force iHc ] 3.5 or 
more kOes, is strongly demanded from a viewpoint of the miniaturization of a motor, and the 
magnetic stability of an used magnet 

[001 1] Moreover, the magnet alloy containing rare earth, such as Nd, oxidizes in air, tends to 
generate a stable oxide gradually, and has the fault of being inferior to rust prevention nature. 
Therefore, since the bond magnet manufactured using the magnet alloy containing rare earth, 
. such as Nd, is inferior in corrosion resistance, it is common that rustproof coating of dipping of a 
resin system, spray coating, electropainting, or metal plating is generally given. 
[0012] Therefore, if the rust prevention nature of the magnet alloy containing rare earth, such as 
Nd, improves, since it can expect that it also sets for the above uses, and rustproof coating of a 
bond magnet front face can be simplified or saved labor and rustproof coating may be able to be 
omitted depending on a use, improvement in the rust prevention nature of a rare earth-iron- 
boron system magnet alloy is demanded strongly. 

[0013] Moreover, although a bond magnet is usually manufactured by scouring magnet powder 
and fabricating it in a binder resin, if the configuration of magnet powder is a thin film integrated 
circuit, it is known that machine orientation can be carried out easily and the pack density to the 
inside of a binder resin can be raised. However, even if it is a thin-film-integrated-circuit 
particle, in having the curved field, it becomes difficult to fully raise pack densjty. That is, a use 
is " of JP,2-34706,A, although it differs... Generally as powder for paints, it is supposed that the 
thing of a thin film integrated circuit is desirable. That is, it is because powder carries out a 
laminating to the painted surface at parallel (this is called leafing phenomenon), the continuous 
coat by powder is formed, a material is intercepted from the open air and better corrosion- 
resistant weatherability is given with the surface tension produced at the time of hardening of a 
resin, when powder is mixed to the resin for paints and it applies by brush coating, the spray, etc. 
..." — in manufacture of a bond magnet, a particle shape is not as a publication a curved surface 
— flat — leaves — it becomes possible for the saturation magnetic flux density Br of a bond 
magnet to improve, since the pack density of the powder in a bond magnet can be easily raised 
according to the leafing effect by using the magnet-alloy particle powder which consists of a 
particle of a **, as a result to raise maximum magnetic-energy (product BH) max Then, rare 
earth permanent magnet alloy particle powder which consists of a foliaceous particle of the flat 
tree whose particle shape excellent in the leafing effect is not a curved surface is desired. 
[0014] That is, the foliaceous rare earth-iron-boron system magnet-alloy particle powder of the 
flat tree which had the big residual magnetic flux density Br and the high coercive force iHc, 
consequently whose maximum magnetic-energy (product BH) max was large, and was excellent 
in rust prevention nature, and was excellent in the leafing effect is demanded strongly. 
[0015] In addition, in the quenching permanent magnet material which makes Fe a principal 
component (however, it is under 91 atom %.), and contains one sort or two sorts or more of rare 
earth elements (R) and boron (B), the permanent magnet material which the remainder becomes 
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including the soft-magnetism amorphous phase below 10 area % is well-known (JP,8-162312,A>. 
[0016] 

[Problem(s) to be Solved by the Invention] Although the rare earth-irori-boron system magnet- 
alloy particle powder which had the big residual magnetic flux density Br and the high coercive 
force iHc, consequently whose maximum magnetic-energy (product BH) max was large, and was 
excellent in rust prevention nature, and was excellent in the leafing effect is just going to be 
demanded most now, the rare earth-iron-boron system magnet-alloy particle powder which has 
such a property is not yet obtained. 

[0017] namely, the above — a rare earth-iron-boron system magnet alloy given in JP.8- 
162312.A the "Table 5" of this official report — a residual magnetic flux density Br — 0.62- 
0.97T (it is equivalent to 6.2-9.7kG.) A grade and coercive force iHc are 0.16 - 0.21 MA/m (it is 
equivalent to 1 .25-2. 6kOe.). A grade and maximum magnetic-energy (product BH) max are 19.7 - 
72.0 kJ/m3 (it is equivalent to 2.5 - 9.0MGOe.). At most about 3 kOes and the residual magnetic 
flux density Br had coercive force iHc as low as at most about 10 kGs as indicated as the grade. 

[0018] the above — after a rare earth-iron-boron system magnet alloy given in the examples 2- 
4 of JP,8~162312 t A grinds a quenching thin band, it is the bulk object acquired by carrying out 
extrusion in the vacuum, and starts. this invention — flat — leaves — a gestalt is different from 
** rare earth-iron-boron system magnet-alloy particle powder 

[0019] Then, this invention makes it a technical technical problem to obtain the foliaceous rare 
earth-iron-boron system magnet-alloy particle powder of the flat tree for bond magnets which 
had the big residual magnetic flux density Br and the high coercive force iHc, consequently 
whose maximum magnetic-energy (product BH) max was large, and was excellent in rust 
prevention nature, and was excellent in the leafing effect. 
[0020] 

[Means for Solving the Problem] this invention as follows can attain the aforementioned 
technical technical problem. 

[0021] Namely, this invention is rare earth-iron-boron system magnet-alloy particle powder with 
which a particle shape consists of a foliaceous particle of a flat tree. 50-460 micrometers and 
average thickness 3-100 micrometers, [ the diameter of an average major axis ] [ 60-500 
micrometers and the diameter of an average minor axis ] the object for bond magnets 1.1-10, 
and whose average aspect ratio (the diameter of a major axis / thickness) an average axial ratio 
(the diameter of a major axis / diameter of a minor axis) is 3-100 — flat — leaves — it is ** 
rare earth-iron-boron system magnet-alloy particle powder 

[0022] Moreover, for this invention, alloy composition of a rare earth-iron-boron system magnet- 
alloy particle is formula RxFe100-x-y-z~wCoyMzBw (however, R). A kind of the rare earth 
elements chosen from Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of the element 
chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and 
y, z and w Respectively 5<=x<=10, 1 .0<=y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x+wj, As the hard 
magnetism crystal phase which consists of the soft-magnetism crystal phase and Nd2Fe 14B1 
type tetragonal-system crystal phase which have the composition expressed with 5< (y+z), and 
consist of one crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid 
solution which consists of Fe and M), or the alphaFe and the solid solution, respectively It has 
the alloy organization which deposits in a soft-magnetism amorphous phase, and, moreover, the 
aforementioned soft-magnetism amorphous phase is below 10 area % to all alloy organizations. It 
is the foliaceous rare earth-iron-boron system magnet-alloy particle powder of the 
aforementioned flat tree for bond magnets whose remainder the aforementioned soft-magnetism 
crystal phase is more than 10 area % to all the crystalline structures that doubled the 
aforementioned soft-magnetism crystal phase and the aforementioned hard magnetism crystal 
phase, and is the aforementioned hard magnetism, crystal phase. 

[0023] Moreover, this invention is the foliaceous rare earth-iron-boron system magnet-alloy 
particle powder of the flat [ coercive force iHc / 3.5 or more kOes and a residual magnetic flux 
density Br ] tree for the bond magnets of one of the above 9.5 or more kGs and whose maximum 
maenetic-enerev (product BH) max(es) are 13 or more MGOes. 



[0024] Moreover, this invention is formula RxFe100-x-y-z-wCoyMzBw (however, R). A kind of " 
the rare earth elements chosen from Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind 
of the element chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts 
or more, x, and y, z and w Respectively 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x+w), 
The rough alloy manufactured so that it might become the composition rate expressed with 5< 
(y+z) After carrying out the heating dissolution and considering as an alloy molten metal, the 
alloy molten metal concerned is made to flow out of a nozzle. The drop of an alloy molten metal 
is made to generate by spraying gas on the outflow alloy molten metal concerned. It considers as 
the rapid solidification object particle powder which is made to carry out cooling solidification 
and consists of a foliaceous particle of a flat tree by making this drop collide with the front face 
of the rotation cooling object of the cone type arranged in the flow direction of the drop 
concerned, or a disk type before the drop concerned congeals, subsequently It is the 
manufacturing method of the foliaceous rare earth-iron-boron system magnet-alloy particle 
powder of the flat tree for bond magnets of one of the above characterized by heat-treating the 
rapid solidification object particle powder concerned by the 600-850-degree C temperature 
requirement. 

[0025] moreover, this invention — the object for the bond magnets of one of the above — flat - 
- leaves — the bond magnet which comes to distribute ** rare earth-iron-boron system 
magnet-alloy particle powder in a binder resin — it is — being concerned — flat — leaves — ** 
rare earth-iron-boron system magnet-alloy particle powder is the bond magnet characterized by 
85 - 99% of the weight of the thing which it comes out comparatively and is done for mixed 
combination 

[0026] It will be as follows if the composition of this invention is explained in more detail. 
[0027] First, the foliaceous rare earth-iron-boron system magnet-alloy particle powder of the 
flat tree for bond magnets concerning this invention is described. 

[0028] The flat tree of the particle shape of the particle which constitutes the rare earth-iron- 
boron system magnet-alloy particle powder for bond magnets concerning this invention is 
foliaceous. Preferably the diameter of an average major axis of the powder concerned 60-500 
micrometers 80-500 micrometers, It is 100-500 micrometers more preferably, the diameter of an 
average minor axis 50-460 micrometers, 70-460 micrometers is 85-460 micrometers more 
preferably. It is 1.1-3 more preferably, average thickness — 3-100 micrometers — desirable — 
5-95 micrometers — it is — an average axial ratio (the diameter of a major axis / diameter of a 
minor axis) — 1.1-10 — desirable — 1.1-5 — an average aspect ratio (the diameter of a major 
axis / thickness) — 3-100 — desirable — 3-50 — it is 3-30 more preferably 
[0029] Alloy composition of the particle which constitutes the foliaceous rare earth-iron-boron 
system magnet-alloy particle powder of the flat tree for bond magnets concerning this invention 
is described. 

[0030] The aforementioned alloy composition is expressed with formula RxFe100-x-y-z- 
wCoyMzBw. R is a kind of the rare earth elements chosen from Nd, Pr, Dy; Tb, and Ce, or two 
sorts or more among a formula. If a residual magnetic flux density Br and coercive force iHc are 
taken into consideration, that with which other rare earth elements were mixed by Nd, Pr, a Nd- 
Pr alloy, and these is desirable, and Nd and Pr are the most desirable. However, even if rare 
earth elements other than the above are contained below 10 atom % to the total amount of rare 
earth, it does not interfere. 

[0031] the amount of R — 5<=x<=10 — it is — desirable — 5.5<=x<=9 — it is 6<=x<=8 more 
preferably The amount of deposits of a hard magnetism crystal phase which consists of a Nd2Fe 
14B1 type tetragonal-system crystal phase when x is less than five is inadequate, the amount of 
deposits of a soft-magnetism crystal phase which consists of one crystal phase of the mixed 
phases of alphaFe, the solid solution (alpha solid solution which consists of Fe and M), or the 
alphaFe and the solid solution when coercive force is not set to 3.5 or more kOes but exceeds 
10 is inadequate, and the high residual magnetic flux density beyond Br>=10kG is not obtained. 
[0032] The amount of Fe(s) is expressed with 100-x-y-z-w, and is 69 - 86% of range to all 
atoms. A residual magnetic flux density Br decreases in less than 69% of case, and 9.5 or more 



amount of R and the amount of Co(es) will decrease relatively, and 3.5 or more kOes are not * 
* obtained for the coercive force iHc made into the purpose of this invention. 
[0033] Co is an indispensable element which brings about improvement in the thermal stability by 
improvement in coercive force, increase of magnetization, the improvement in rust prevention 
nature, and the rise of the Curie point with M element 

[0034] the amount of Co(es) — 1.0<=y<=9.0 — it is — desirable — 1.5<=y<=9.0 — it is 
2.0<= : y<=9.0 more preferably The rise of coercive force or the Curie point is not enough for the 
case of less than 1.0, and it is inferior to thermal stability. When exceeding 9.0, the fall of the 
residual magnetic flux density Br by reduction of an iron component becomes remarkable, and 10 
or more kGs are not obtained. 

[0035] M is an element more than a kind chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, 
Ag, and Si, can raise the crystal magnetic anisotropy of the hard magnetism crystal phase which 
consists of a Nd2Fe 14B1 type tetragonal-system crystal phase, and can obtain high coercive 
force according to the detailed-ized effect of a deposit phase. Moreover, the soft-magnetism 
crystal phase which consists of one crystal phase of the mixed phases of alphaFe, the solid 
solution (alpha solid solution which consists of Fe and M), or the alphaFe and the solid solution 
can be stabilized, and the corrosion resistance of a bond magnet and thermal stability can be 
improved. 

[0036] Among the aforementioned M elements, Mn, Cu, Ga, Ag, and Si can obtain higher coercive 
force according to the synergistic effect, if it adds with other M elements. 
[0037] the amount of M element — 0.1<=z<=5 — it is — desirable — 0.2<=z<=4 — it is 
0.3<=z<=3.5 more preferably It is deficient in the improvement effect of coercive force, as a 
result is inferior to the case of less than one at thermal stability. In exceeding 5, it causes the 
reduction of Br by reduction of an iron system component (Fe, Co). 

[0038] Among the aforementioned M elements, while Ti, Zr, Nb, Hf, Ta, Si, and Ga contribute to 
improvement in coercive force, it can be easy to form an amorphous phase, an amorphous phase 
can remain stably during an alloy organization, the magnet-alloy particle powder with which rust 
prevention nature was demonstrated can be obtained, and the bond magnet excellent in 
corrosion resistance is obtained by using this. 

[0039] an element indispensable since B constitutes the hard magnetism crystal phase which 
consists of a Nd2Fe 14B1 type tetragonal-system crystal phase — it is — the amount — 
2<=w<=7 — it is — desirable — 2.5<=w<=6.5 — it is 3<=w<=6.5 more preferably The amount of 
deposits of a hard magnetism crystal phase which consists of a Nd2Fe 14B1 type tetragonal- 
system crystal phase becomes inadequate for the case of less than two, and it is not set to 
iHc>=3.5kOe. In exceeding 7, B becomes superfluous and causes reduction of a residual 
magnetic flux density Br. . .. . 

[0040] The sum of the amount of R and the amount of B is 9<= (x+w) f and is ten or more 
preferably. Sufficient soft-magnetism amorphous phase by quenching is not formed in the case 
of less than nine, and heat treatment cannot realize iHc>=3.5kOe to it, either. If it takes into 
consideration holding the big residual magnetic flux density Br, as for the upper limit, 18 will be 
desirable, and it will be 1 7 more preferably. 

[0041] The sum of the amount of Co(es) and the amount of M is 5< (y+z), and is r 5.5 or more 
more preferably 5.1 or more. As for the case of five or less, the effect of raising coercive force 
and thermal stability becomes is hard to be acquired. If it takes into consideration holding the big 
residual magnetic flux density Br, as for the upper limit, 1 1 will be desirable, and it will be 10 
more preferably. 

[0042] The alloy organization of the particle which constitutes the foliaceous rare earth-iron- 
boron system magnet-alloy particle powder of the flat tree for bond magnets concerning this 
invention is described. 

[0043] The particle which constitutes the foliaceous rare earth-iron-boron system magnet-alloy 
particle powder of the flat tree for bond magnets concerning this invention has the soft- 
magnetism amorphous phase below 9 area % preferably below 1 0 area % to all alloy organizations. 
The lower limit of a soft-magnetism amorphous phase is 1 area %. 
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between bi-phases being able to weaken since distance with a soft-magnetism crystal phase or 
~ a hard magnetism crystal phase becomes large when a soft-magnetism amorphous phase 
exceeds 10 area % in the two-dimension-observation visual field of all alloy organizations, the 
effect of raising a magnet property rather is not acquired. If the aforementioned rustproof effect 
of a soft-magnetism amorphous phase is taken into consideration, the lower limit will be 1 area % 
preferably. 

[0045] a soft-magnetism amorphous phase — eight to 20 atom % — desirable — the rare earth 
of 9 - 15 atom %, and 70 to 90 atom % — it consists of boron of 5 - 18 atom % preferably the 
iron of 70 - 85 atom % or iron, an alloy with the above-mentioned element M, and below 22 atom 
% Since this soft-magnetism amorphous phase can suppress big and rough growth of crystal 
grain and can make a detailed crystal phase form in the heat-treatment process for 
crystallization while it has the soft magnetism, it can raise the hard magnetism of the whole alloy. 

[0046] Moreover, since each of a soft-magnetism crystal phase and a hard magnetism crystal 
phase is carrying out the distributed deposit into the soft-magnetism amorphous phase at the 
shape of an island, since this soft-magnetism amorphous phase encloses the circumference of 
the soft-magnetism crystal phase which mainly bears a magnetic role, or a hard magnetism 
crystal phase and it suppresses advance of oxidization, it can do so the effect as a barrier which 
can prevent advance of rust, and can raise the rust prevention nature of a magnet-alloy particle. 

[0047] A soft-magnetism amorphous phase can also expect enough effects, such as a 
mechanical strength which an amorphous phase usually has, chemical resistance, and rust 
prevention nature. 

[0048] The soft-magnetism crystal phase in the foliaceous rare earth-iron-boron system 
magnet-alloy particle powder of the flat tree for bond magnets concerning this invention 
consists of one crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid 
solution which consists of Fe and M), or the alphaFe and the solid solution, and is included more 
than 10 area % to all the crystalline structures that doubled the soft-magnetism crystal phase 
and the hard magnetism crystal phase. The soft-magnetism crystal phase has contributed to 
improvement in a residual magnetic flux density Br. In the case of under 10 area %, the magnet- 
alloy particle powder which has the big residual magnetic flux density Br made into the purpose- 
of this invention cannot be obtained. If the ratio of the liard magnetism crystal phase which 
bears the role which raises coercive force iHc is taken into consideration, the upper limit has 
desirable 90 area %. 

[0049] The diameter of average crystal grain of a soft-magnetism crystal phase has desirable 5- 
100nm, and it is the range of 10-50nm more preferably. 

[0050] In a soft-magnetism crystal phase, in addition to one crystal phase of the mixed phases 
of alphaFe, the solid solution (alpha solid solution which consists of Fe and M), or the alphaFe 
and the solid solution, Fe3B ( Fe2B and the solid solution of these and M — further — the 
intermetallic compound of Fe and M, such as Fe2Zr, — a state diagram — although it may be 
contained unescapable on a manufacturing process-like, when obtaining the magnet-alloy 
particle powder which has many properties made into the purpose of this invention, especially a 
problem does not become 

[0051] The hard magnetism crystal phase, in the particle which constitutes the foliaceous rare 
earth-iron-boron system magnet-alloy particle powder of the flat tree for bond magnets 
concerning this invention consists of a Nd2Fe 14B1 type tetragonal-system crystal phase, and is 
under 90 area % to all the crystalline structures. 

[0052] When exceeding 90 area %, a soft-magnetism crystal phase decreases and the big residual 
magnetic flux density Br is not obtained. If the coercive force iHc value made into the purpose of 
this invention is taken into consideration, the lower limit has desirable 10 area %. It is 20 to 85 
area % more preferably. 

[0053] The aforementioned hard magnetism crystal phase does so the effect of making coercive 
force iHc discovering. Moreover, a part of M element enters into this hard magnetism crystal 



[0054] The minute compound phase which deposits impossibly in state diagram besides a Nd2Fe 
14B1 type compound may be included in the hard magnetism crystal phase. 
[0055] The diameter of average crystal grain of a hard magnetism crystal phase has desirable 5- 
100nm or less, and it is the range of 10-50nm more preferably. 

[0056] 9.5 or more kGs of residual magnetic flux densities Br are 10.0 or more kGs preferably, 
3.5 or more kOes of coercive force iHc have 4.0 or more kOes preferably, and, as for the 
foliaceous rare earth-iron-boron system magnet-alloy particle powder of the flat tree for bond 
magnets concerning this invention, 13 or more MGOe(s) of maximum magnetic-energy (product 
BH) max(es) have 15 or more MGOes preferably. For a residual magnetic flux density Br, 13kG(s) 
and coercive force iHc are [ 8kOe(s) and maximum magnetic-energy (product BH) max of the 
upper limit ] 25MGOe(s). In addition, among the magnetic properties of the above-mentioned 
powder, it was computed by having carried out the density correction of the Br from Br of a 
green compact, and also performed calculation of (BH) max using this Br. 
[0057] Moreover, the rust prevention nature of the foliaceous rare earth-iron-boron system 
magnet-alloy particle powder of the flat tree for bond magnets concerning this invention is JIS. Z 
Preferably, elapsed time until rusting occupies 10 area % is 60 hours or more more preferably, 
and as shown in a back appearance example compared with the conventional Nd-Fe-B system 
alloy particle powder, it is clearly excellent by the salt spray test method based on 2371, for 55 
hours or more for at least 50 hours or more. 

[0058] Next, the manufacturing method of the foliaceous rare earth-iron-boron system magnet- 
alloy particle powder of the flat tree for bond magnets concerning this invention is described. 
[0059] First, formula RxFe100-x-y-z~wCoyMzBw (however, R) A kind of the rare earth elements 
chosen from Nd, Pr, Dy, Tb, and Ge or two sorts or more, and M A kind of the element chosen 
from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, and Si or two sorts or more, x, and y, z and w A 
metal-like element raw material and/or an alloy-like raw material are blended, and the heating 
dissolution of this is carried out so that it may become comparatively, the composition 
expressed with 5<=x<=10, 1<=y<=9, 0.1<=z<=5, 2<=w<-7, 9<= (x+w), and 5< (y+z), respectively — 
subsequently The rough alloy of the above-mentioned composition is obtained by carrying out 
cooling solidification. 

[0060] As the aforementioned metal-like element raw material, that what is necessary is just to 
use a commercial thing, the gestalt has the thing of various gestalten, such as the shape of 
powder, mass, and a piece, and a tabular, and the all can be used for it. 

[0061] As the aforementioned alloy-like raw material, there are ferro NEOJI, a misch metal, a 
didym, etc. by the ferroboron and rare earth elements by the boron element.that what is * 
necessary is just to use a commercial thing. The gestalt has the thing of various gestalten, such 
as the shape of powder, mass, and a piece, and a tabular, and the all can be used for it. 
[0062] It is desirable to be able to perform the aforementioned heating disisolution by the well- 
known arc solution process, the RF solution process, etc., and to carry out in inert atmospheres, 
such as inside of a vacuum and argon gas. 

[0063] Next, carry out the heating dissolution of the obtained aforementioned rough alloy, 
consider as an alloy molten metal, and, subsequently the alloy molten metal concerned is made 
to flow out of a nozzle. The drop of an alloy molten metal is made to generate by spraying gas on 
the outflow alloy molten metal concerned. It considers as the rapid solidification object particle 
powder which is made to carry out cooling solidification and consists of a foliaceous particle of a- 
flat tree by making this drop collide with the front face of the rotation cooling object of the. cone 
type arranged in the drop flow direction concerned, or a disk type before the drop concerned 
congeals, subsequently If the rapid solidification object particle powder concerned is crystallized 
by heat-treatment, the foliaceous rare earth-iron-boron system magnet-alloy particle powder of 
the flat tree for bond magnets concerning this invention can be obtained. 
[0064] As for the aforementioned melting temperature, it is [ that what is necessary is just to 
decide according to alloy composition ] desirable to usually heat at temperature higher 50 
degrees C or more than the melting point of the aforementioned rough alloy. 
[0065] As the aforementioned gas which carries out spraying, inert gas is desirable, for example, 
is gaseous helium, argon gas. etc. It is argon gas preferablv. the pressure of the gas to sorav — 



5 - 200 kgf/cm2 — it is 10 - 100 kgf/cm2 preferably When exceeding 200 kgf/cm2 ? by the time 
a cooling rate becomes quick too much and a drop reaches a rotation cooling object, cooling 
solidification may arise. 

[0066] The configuration of the aforementioned rotation cooling object is a cone type or a disk 
type. It is the cone type which the desirable foliaceous particle of a flat tree tends to obtain. 
Moreover, the rotational frequency of the aforementioned rotation cooling object is 3000 - 
12000rpm preferably 1000 to 20000 rpm. When a rotational frequency is less than 1000 rpm, the 
rapid solidification object particles obtained become easy to lap, and it may become a massive 
particle, and cooling solidification by quenching is not fully performed, but it becomes inadequate 
generating [ of a soft-magnetism amorphous phase ] it. Moreover, the density of the magnet 
powder of a bond magnet is no longer obtained fully. In addition, when making the drop of an alloy 
molten metal collide with a disk type rotation cooling object, as for the collision place, it is 
desirable to consider as the portion shifted a little to the circumferencial direction from the axis 
of rotation of a disk type rotation cooling object. 

[0067] Moreover, you may perform the heating dissolution of the aforementioned rough alloy, 
cooling solidification and the heating dissolution for the second time, and cooling solidification 
with a rotation cooling object continuously within the same equipment as occasion demands. 
[0068] In addition, you may perform cooling solidification with a rotation cooling object directly 
within the same equipment from the heating dissolution of each raw material of the 
aforementioned metaHike element raw material and/or the aforementioned alloy-like raw 
material, without carrying out cooling solidification in advance. 

[0069] In addition, in cooling solidification with a rotation cooling object, since the drop formed in 
early stages tends to become comparatively large, it is desirable not to extract the rapid 
solidification object particle powder obtained in early stages, or to remove a big and rough 
particle by the classification etc. subsequently. Moreover, since the drop formed minute-turns 
and also atomizes the rapid solidification object particle powder obtained when the alloy molten 
metal which remains has decreased, as for the rapid solidification object particle powder 
obtained just before an end, it is desirable not to extract or to remove a particle component by 
the classification etc. 

[0070] The particle which constitutes the rapid solidification object particle powder obtained by 
cooling solidification with the aforementioned rotation cooling object mainly includes an 
amorphous alloy organization. 

[0071] This amorphous alloy organization shows a broadcloth peak according to an X diffraction, 
and can check with the halo pattern of the electron diffraction by the transmission electron 
microscope (transverse electromagnetic). In addition, although a crystal phase may be partially 
included without obtaining an amorphous alloy organization 100% depending on alloy composition, 
since the purpose of this invention can be attained, what is necessary is just sufficient amount. 
[0072] This amorphous alloy organization has the soft magnetism, and in order that it may 
suppress big and rough growth of crystal grain and may enable formation of a detailed crystal 
phase in the heat treatment process for crystallization with the magnetic role, it is bearing the 
important role which raises the hard magnetism of the whole alloy. 

[0073] The aforementioned heat-treatment is performed by the 600-850-degree C temperature 
requirement. In the case of less than 600 degrees C, the hard magnetism. crystal phase which 
consists of a Nd2Fe 14B1 type tetragonal-system crystal phase does not deposit enough, and 
the coercive force of 3.5 or more kOes is not obtained. When exceeding 850 degrees C, big and 
rough growth of "the soft-magnetism crystal phase which consists of one crystal phase of the 
mixed phases of alphaFe, the solid solution (alpha solid solution which consists of Fe and M), or 
the alphaFe and the solid solution becomes remarkable, the ratio of a soft-magnetism amorphous 
phase into which it is hard coming to be discovered of coercive force, and it remains falls 
remarkably, and rust prevention nature becomes is hard to be demonstrated. In addition, what is 
necessary is just to choose suitably the optimal heating temperature for discovering good 
magnetic properties according to alloy composition of rapid solidification object particle powder. 
[0074] Although there will be especially no problem if the atmosphere in the aforementioned 
heat-treatment is a range which does not spoil the magnetic DroDerties of the maernet-allov 



particle powder obtained, the inside of inert atmospheres, such as argon gas, or the vacuum of 
10 to 1 or less Torr is desirable. 

[0075] The heating time in the aforementioned heat-treatment has 10 desirable seconds or more 
at least, the deposit of soft-magnetism crystal phase sufficient in less than 1 0 seconds and a 
hard magnetism crystal phase should do — as for the coercive force of 3.5 or more kOes, all 
tend to be obtained, in order that a soft-magnetism crystal phase may carry out big and rough 
growth, if there is an inclination which is not, and less than 1 hour is desirable in it being long and 
1 hour is surpassed 

[0076] A crystal phase is generated from an amorphous phase by the aforementioned heat- 
treatment It is required to heat so that the amorphous phase below 10 area % may be made to 
remain to all alloy organizations, without making an amorphous phase into a crystal phase 
completely at this time. 

[0077] As conditions for leaving an amorphous phase, it is necessary to set up the conditions of 
the aforementioned heat-treatment so that a deposit and growth of a crystal phase may not 
result extensively, moreover, since stabilization of an amorphous substance phase and growth 
suppression of a deposit phase can also be planned according to the effect of an alloying 
element M, a setup of suitable alloy composition is also important As an example of the heat- 
treating method, the flash plate annealing method and the rapid heating-cooling method are 
mentioned, and the usual heat-treating method is also enough depending on alloy composition. 
[0078] the abundance of the amorphous phase which remains — desirable — one to 10 area % - 
- it is below 9 area % more preferably It is because the magnetic combination resulting from the 
exchange interaction committed between an amorphous phase and a crystal phase or among 
crystal phases can weaken under by 1 area % when the effect made into the aforementioned 
purpose is not acquired, and improvement in a rustproof performance cannot be expected, either 
but it exceeds 10 area %. 

[0079] Next, the bond magnet concerning this invention is described. 

[0080] The bond magnet concerning this invention comes to distribute the foliaceous rare earth- 
iron-boron system magnet-alloy particle powder of the flat tree for bond magnets concerning 
this invention in a binder resin, and, in addition to this, 85 - 99 % of the weight and the remainder 
serve as [ the foliaceous rare earth-iron-boron system magnet-alloy particle powder of this flat 
tree ] a binder resin from an additive. Although the desirable rate of the foliaceous rare earth- 
iron-boron system magnet-alloy particle powder of the flat tree for bond magnets concerning 
this invention changes a little with fabricating methods In the case of an injection-molding bond- - 
magnet, when 88 - 93 % of the weight is desirable and is an extrusion-molding bond-magnet 
When it is a compression-molding bond magnet, 95 - 98.5 % of the weight is desirable, and 96 - 
98.5 % of the weight is more desirable, and when it is a calender fabrication bond magnet, 85 - 90 
% of the weight is desirable [ 85 - 92 % of the weight is desirable, and ]. - 
[0081] 7.0 or more kGs of residual magnetic flux densities Br are 7.2 or more kGs preferably, 3.5 
or more kOes of coercive force iHc have 3.7 or more kOes preferably, maximum energy product 
(BH) max has 9.7 or more MGOes, and, as for the bond magnet concerning this invention, density 
has preferably 9.5 or more MGOe(s) of three or more 6.1 g/cm. 

[0082] In addition, under 80 degrees C, and 90% environment of relative humidity, at least 1 20 
hours or more have desirable elapsed time until rusting occupies 10 area %, and the corrosion 
resistance of the bond magnet concerning this invention has 130 more desirable hours or more. 
[0083] Next, the manufacturing method of the bond magnet concerning this invention is 
described. 

[0084] It can mix [ a binder resin and ], and the bond magnet concerning this invention can 
knead the foliaceous rare earth-iron-boron system magnet-alloy particle powder of the flat tree 
for bond magnets concerning this invention, and can obtain it by carrying out the fabricating 
operation of this kneading object by the method of fabricating common knowledge, such as 
injection molding, extrusion molding, compression molding, or calender fabrication. 
[0085] Many things can be chosen by the fabricating method, as the aforementioned binder resin 
when it is injection molding, extrusion molding, and calender fabrication, thermoplastics can be 
used, and thermosetting resin can be used when it. is cnmnrfissinn mnlHincr Ac tKo 



aforementioned thermoplastics, resins, such as a nylon (PA) system, a polypropylene (PR) 
system, an ethylene vinyl acetate (EVA) system, a polyphenylene sulfide (PPS) system, a liquid 
crystal resin (LCP) system, an elastomer system, and a rubber system, can be used, and resins, 
such as an epoxy system and a phenol system, can be used as the aforementioned 
thermosetting resin. 

[0086] The mixed rate of the foliaceous rare earth-iron-boron system magnet-alloy particle 
powder of the flat tree for bond magnets concerning the aforementioned this invention is 85 - 99 
% of the weight, and although the optimal mixed rate changes a little with fabricating methods, in 
injection molding, its 88 - 93 % of the weight is desirable, it is desirable in extrusion molding, is 
desirable in compression molding, and is desirable in calender fabrication. [ of 85 - 90 % of the 
weight ] [ of 96 - 98.5 % of the weight ] [ of 85 - 92 % of the weight ] The bond magnet which 
less than 85% of the weight of a case has too few rates of magnet-alloy particle powder, and has 
sufficient magnetic properties in it is not obtained. The upper limit of the mixed rate of the 
magnet-alloy particle powder in each aforementioned fabricating method can be determined 
barfed on the fluidity of a kneading object with the binder resin in which each fabrication is 
possible, or mixture, or the demand . of the mechanical strength of a moldings. 
[0087] In addition, in order to face manufacturing a bond magnet, to make fabrication easy or to 
fully pull out magnetic properties, you may use the additive of common knowledge, such as a 
plasticizer, lubricant, and a coupling agent, other than a binder resin as occasion demands. 
[0088] That these additives should just choose a suitable thing according to the purpose, as a 
plasticizer, the commercial elegance according to each use resin can be used, and the total 
quantity can use about 0.01 - 5.0 % of the weight to the binder resin to be used. 
[0089] As the aforementioned lubricant, stearin acid, its derivative, inorganic lubricant, an oil 
system, etc. can be used, and about 0.01 - 1.0 % of the weight can be used to the whole bond 
magnet. 

[0090] About 0.01 - 3.0 % of the weight can be used to the binder resin which can use a use 
resin and the commercial elegance according to the filler as the aforementioned coupling agent, 
and is used. 

[0091] the aforementioned mixture — mixers, such as a Henschel mixer, a V character mixer, 
and NAUTA, etc. — it can carry out — kneading — a 1 shaft kneading machine, a 2 shaft 
kneading machine, and a mortar — a type kneading machine, a knockout kneading. machine, etc. 
can perform 

[0092] Let the moldings obtained by carrying out a fabricating operation by the aforementioned 
fabricating method be a bond magnet concerning this invention electromagnet magnetization and 
by carrying out pulse magnetization according to a conventional method. 
[0093] 

[Embodiments of the Invention] The gestalt of typical operation of this invention is as follows. 
[0094] The particle shape of the particle which constitutes rare earth-iron-boron system 
magnet-alloy particle powder judged by performing appearance observation by the electron 
microscope. Moreover, calculation of the diameter of an average major axis of particle powder, 
the diameter of an average minor axis, and average thickness was shown by the result which 
measured about 30 particles shown in the electron microscope photograph expanded by 100 
times. 

[0095] The phase structure of the alloy organization of the particle which constitutes rare earth- 
iron-boron system magnet-alloy particle powder was observed and measured using high- 
resolution transmission-electron-microscope HR-transverse electromagnetic (JEOL Co., Ltd. 
make), a nano beam electron diffractograph (JEOL Co., Ltd. make), an energy dispersive X-ray 
analyzer EDX (JEOL Co., Ltd. make), and X diffraction equipment (physical science electrical 
machinery industrial incorporated company) (target : iron). 

[0096] The magnetic structure of the aforementioned alloy organization was taken as the check 
of a magnetic structure by identification of a crystal phase by the electron diffraction which 
used the above-mentioned nano beam electron diffractograph. That is, it checked that it was a 
soft magnetism by identifying alphaFe type crystal and a Fe3B type crystal. Similarly, it checked 
that it was hard magnetism bv identifying a Nd2Fe 14B1 tvoe tetraeronal-svstem orvstal nhasfi 



[0097] Area % of the aforementioned alloy organization is set to observation by the transmission 
electron microscope (transverse electromagnetic) etc., and means the area rate within a two- * 
dimensional visual field. 

[0098] The value measured by the chemical analysis showed the chemical composition of the 
particle which constitutes rare earth-iron-boron system magnet-alloy particle powder. 
[0099] The value measured with the sample oscillatory-type magnetometer VSM (**** 
electronic incorporated company make) showed the magnetic properties of rare earth-iron- 
boron system magnet-alloy particle powder. 

[0100] Moreover, beforehand, after the magnetic properties of a bond magnet gave pulse 
magnetization of about 50 kOe(s), the value measured by the B-H curve tracer (Toei Industry, 
Inc. make) showed them. 

[0101] The Curie point of rare earth-iron-boron system magnet-alloy particle powder was 
performed by measuring the temperature change of magnetization using the equipment which set 
to the sample oscillatory-type magnetometer VSM (Toei Industry, Inc. make) the case and 
heating heater as for which the sample bearing bar and device under test by the quartz with the 
thermocouple are made to vacuum atmosphere. That is, temperature was raised applying the 
magnetic field of 1kOe t after magnetizing a device under test in the magnetic field of 10 or more 
kOes, the value of the magnetization accompanying a temperature rise was recorded, and 
temperature of the point that the magnetization curve of a hard phase intersected the 
magnetization curve of a soft phase clearly was made into Curie temperature. 
[0102] The rust prevention nature of magnet-alloy particle powder is JIS. Z It carried out by the 
salt spray test method based on 2371. That is, it took out for every fixed time, the existence of 
rusting and the situation of an increase and. expansion of a rusting point were observed with the 
scanning electron microscope (SEM), and elapsed time until rusting occupies 10 area % showed. 
[0103] When rusting is carried out in between or how it sets to an observation side, and a rusting 
point is increased and expanded estimated the corrosion resistance of a bond magnet under 80 
degrees C, and 90% environment of relative humidity. It is the optical microscope visual field of 
being 50 times many as this, quantitatively, and elapsed time until rusting occupies 10 area % 
showed. 

[0104] After the density of a bond magnet cooled enough the pillar-like compression-molding 
bond magnet after hardening in room temperature of about 25 degrees C, it measured the height 
and cross-section diameter of the pillar with a three or more place micrometer, respectively, and 
calculated the volume of a pillar from the average. Next, the value which measured the weight of 
the compression-molding bond magnet concerned with the electronic balance, and **(ed) the 
weight value (g) with bulking value showed. 

[0105] Hereafter, manufacture of rare earth-iron-boron system magnet-alloy particle powder is 
explained using drawing 1 . First, so that it may become composition of Nd7Fe83.5Co4Nb1Ga 
0.5B4 by the atomic ratio 169.2g (99.9% of purity) (Product made from a Japanese Yttrium) of 
metal neodium pieces, the piece of metal iron (electrolytic iron, 99.9% of purity) (Showa Denko 
Make) — 766.6g the piece of metal cobalt (99.9% of purity, Sumitomo Metal Mining Co., Ltd. 
make) — 38.76g and the piece of a metal niobium — 15.24g and the piece of a metal gallium — 
5:73g and the piece of crystal boron — weighing capacity of the 7.1 3g was carried out, 
respectively, and AUW was set to about 1kg These were cast in the RF dissolution in argon gas 
reduced pressure atmosphere, and the 1kg rough alloy was obtained. 

[0106] Next, 1kg of obtained rough alloys was put into the crucible 1 made from an alumina, 
melting was carried out at 1350 degrees C with high-frequency heating, and it considered as the 
alloy molten metal 2. kg [ of argon gas 4 / 20 / /] were sprayed by the pressure of 2 cm, and the 
drop 6 of an alloy molten metal was made to form from the atomization nozzle 5 to the alloy 
molten metal 2 which flows out of the nozzle 3 made from an alumina, is made to trickle this 
alloy molten metal 2, and is dropped. The drop 6 of this alloy molten metal was made to collide 
with the copper cone rotation cooling object 7 of diameter of roll 200mmphi arranged in the flow 
direction of this drop, 120 cone angles, and rotational frequency 7200rpm, and the rapid 
solidification object particle powder 8 was obtained. 

[0107] The obtained rapid solidification obiect particle oowdfir was what has thp aworacro 1 7 nf 



the ratio of 15 micrometers in 250 micrometers of diameters of an average major axis, 150 
micrometers of diameters of an average minor axis, and average thickness, the diameter of a 
minor axis, and the diameter of a major axis, and the shape property of the average aspect ratio 
17. It has checked that it was the rapid solidification object particle powder which consists of a 
foliaceous particle of a flat tree as it was shown in the scanning-electron-microscope 
photograph (x85) of drawing _2 , when observation according this powder to a scanning electron 
microscope was carried out. 

[0108] The obtained rapid solidification object particle powder showed the peak [ broadcloth on 
the whole ] as a result of the X diffraction. As a result of examining this X diffraction result and 
a high-resolution transmission-electron-microscope observation result collectively, it has 
checked that most consisted of an amorphous phase at least, moreover, the result which 
measured the composition element ratio of this alloy particle powder by the chemical analysis — 
Nd7Fe83.5CoNb1Ga zero B4 it is — it was checked that it is almost equal to a preparation 
composition ratio 

[0109] The above-mentioned rapid solidification object particle powder was enclosed with the 
quartz tube under the vacuum of 5x10-2Torr, and heat-treatment was performed for 3 minutes 
at the temperature of 750 degrees C. The clear peak based on alphaFe type (peak expressed 
with A) and two kinds of Nd2Fe14B1 type (peak expressed with B) crystal structures was 
detected as a result of the analysis of the X diffraction pattern which shows the rare earth-iron- 
boron system alloy particle powder after this heat treatment to drawing 3 obtained as a result of 
X diffraction measurement. Moreover, from the electron-diffraction pattern shown in drawing 4 , 
there is a halo which shows existence of an amorphous phase with the spot which shows 
crystallinity, and or and remaining were ****( e d) a little also for the amorphous phase. 
[01 10] About the rare earth-iron-boron system alloy particle powder after the above-mentioned 
heat treatment, the fine structure was observed using the high-resolution transmission electron 
microscope, the nano beam electron diffractograph, and the energy dispersive X-ray analyzer. 
Consequently, the hard magnetism crystal phase in which the soft-magnetism crystal phase in 
which an alloy organization contains alphaFe is a 72 area % grade, and contains Nd2Fe 14B1 to 
all crystal phases was a 28 area % grade to all crystal phases, and when total of these crystal 
phases made the whole two-dimension-visual field 100 area %, it was 91 area % to all alloy 
organizations. Therefore, the remaining 9 area % was a soft-magnetism amorphous phase. 
[0111] Moreover, the range of the diameter of crystal grain of the soft-magnetism crystal phase 
containing alphaFe or the solid solution is 20-45nm, the range of the diameter of crystal grain of 
the hard magnetism crystal phase containing Nd2Fe14B1 type was 15-40nm, the deposit of each 
phase was promoted by heat treatment from the mixed phase of the crystal phase before heat- 
treatment, and an amorphous phase, and it was observed that the crystal growth has also 
happened. Furthermore, each element of Nd and B was condensed by the residual amorphous 
phase, and it has checked to it that they are 1 1.3 atom % and 7.8 atom %, respectively from the 
analysis result. 

[01 12] As a result of measuring the room temperature magnetic properties of the rare earth- 
iron-boron system alloy particle powder after the above-mentioned heat treatment with a 
sample oscillatory-type magnetometer, for coercive force iHc, 4.7kOe(s) and the residual 
magnetic flux density Br were [ 1 1.2kG(s) and maximum magnetic-energy (product BH) max ] 
17.4MGOe(s). 

[0113] Moreover, in order to investigate the rustproof performance of the rare earth-iron-boron- 
system magnet-alloy particle powder obtained the account of a top, the salt spray test was 
performed and the rate of surface ratio of the rust which takes out every 12 hours and is 
occupied on the foliaceous particle front face of a flat tree was observed with the scanning 
electron microscope. Consequently, elapsed time until rusting occupies 10 area % is 72 hours 
after, and it has checked that the above-mentioned rare earth permanent magnet alloy particle 
powder was excellent also in rust prevention nature. 

[0114] After melting the 98g of the above-mentioned rare earth-iron-boron system magnet-alloy 
particle powder, and epoxy resin XW-2214(tradename, Japan pel NOx incorporated company 
make) 2g by the methyl ethvl ketone of optimum dos« anH nften mivina race ooH-ln . * *\ * 



powder, the dryness evaporation of the methyl ethyl ketone was carried out, and it considered as 
the mixture for compression molding (it is equivalent to 98 % of the weight of rare earth alloy 
particle powder, and 2 % of the weight of epoxy resins.). 

[0115] The 3.3g of the above-mentioned mixture was put into the press fixture for pillar-like 
samples with a diameter of 10mm, it pressed by the pressure of about 7 ton/cm2, and the pillar- 
like green compact with a diameter [ of 10mm ] and a length of about 7mm was obtained. 
[0116] The above-mentioned green compact was heat-treated at 150 degrees C for 1 hour, the 
epoxy resin was stiffened, and the compression-molding bond magnet of density 6.3 g/cm3 was 
obtained. 

[0117] After magnetizing about 50 kOe(s) with a pulse magnetization machine to the 
compression-molding bond magnet obtained the account of a top, as a result of measuring the 
magnet property of a room temperature with an B-H marker, for the residual magnetic flux 
density Br, 9.1kG(s) and coercive force iHc were [ 4.6kOe(s) and maximum magnetic-energy 
(product BH) max ] 10.5MGOe(s). 
[0118] 

[Function] The most important point makes the drop of an alloy molten metal generate by 
spraying gas on an outflow alloy molten metal in this invention. The process of trituration of the 
rare earth-iron-boron system magnet-alloy particle powder which consists of a foliaceous 
particle of a flat tree by carrying out cooling solidification using the cone type or disk type 
rotation cooling object arranged in the flow direction of the drop concerned before the drop 
concerned congeals is not needed. It is the fact that it can obtain very efficient. 
[0119] the object for bond magnets concerning this invention — flat — leaves — the particle 
shape of ** rare earth-iron-boron system magnet-alloy particle powder is not a curved surface 
— flat — leaves — powder covers, since it is a **, it can excel in the leafing effect which is an 
effect, and can be made high restoration at the time of bond magnet manufacture, consequently 
big saturation magnetic flux density can be obtained 

[0120] Moreover, this invention person considers that why the rare earth-iron-boron system 
magnet-alloy particle powder excellent in rust prevention nature is obtained is because an 
amorphous phase encloses the circumference of the soft-magnetism crystal phase which mainly 
bears a magnetic role, or a hard magnetism crystal phase, and exists and the moderate amount 
moreover stabilizes and exists. ..... 

[0121] In addition, when performed by the conventional single roll method as a method of 
producing the rare earth permanent magnet alloy particle powder for bond magnets, thickness is 
irregular, and it can be necessary to do a thin band with the curved surface, and it is nece'ssary " 
to grind and use this at the time of bond magnet manufacture. Moreover, it is not suitable for it 
being unsuitable for spherical particle powder being obtained and being filled up with high density, 
when performed by the atomization method, becoming the particle of an indeterminate form, 
when this is ground, and being filled up with high density. 

[0122] By the way, the manufacturing method (JP.2-34706.A, JP,2-93007,A) which obtains thin- 
film-mtegrated-circuit powder, such as glass powder and stainless steel powder; as the pigment 
for paints or a filler for plastics is known. In this manufacturing method, by carrying out cooling 
solidification of the drop of a melt with the rotation cooling object of the shape of an umbrella 
type, a horning die, or a disk, thin-film-integrated-circuit powder is obtained, the leafing 
phenomenon arranged in parallel with a paint film side happens good, a paint film side is worn 
without a crevice, and good corrosion resistance and weatherabilitv are eiven 
[0123] 

[Example] Next, an example and the example of comparison are given. 
Examples 1-27, examples 1-3 of comparison; 

[0124] Rare earth permanent magnet alloy particle powder was obtained like the gestalt of 
implementation of the aforementioned invention except having changed various the 
Manufacture of rare earth-iron-boron system magnet-alloy particle powder> example 1-27 
manufacture alloy composition, the rotational frequencies of the rotation cooling object in the 
manufacturing process of alloy particle powder and spraying argon gas pressure, and subsequent 
heat treatment temperature. 
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[0125] The rare earth permanent magnet alloy particle powder obtained in the examples I -27 
observed the phase structure of an alloy organization as well as the gestalt of implementation of 
the aforementioned invention. 
f\'/t0126] Consequently, the hard magnetism crystal phase in which the soft-magnetism crystal 
y, phase containing alphaFe is the range of 18 - 75 area %, and contains Nd2Fe 14B1 to all crystal 
phases was the range of 90 - 99 area % to all alloy organizations, when it is the range of 25 - 82 
area % and total of these crystal phases made the whole two-dimension-visual field 100 area % 
to all crystal phases. Therefore, the soft-magnetism amorphous phase was the range of 1 - 10 
jjrea %. 

[0127] Moreover, the diameter of crystal grain of the soft-magnetism crystal phase which 
consists of one crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid 
solution which consists of Fe and M), or the alphaFe and the solid solution It is the range of 5- 
100nm, and the range of the diameter of crystal grain of the hard magnetism crystal phase which 
consists of a Nd2Fe 14B1 type tetragonal-system crystal phase was 5-100nm, each phase 
deposited with heat treatment from the amorphous phase before heat-treatment, and 
crystallizing was observed. Furthermore, rare earth and each element of B were condensed by 
the residual amorphous phase, and it has checked to it that they are the range of 10 - 15 atom % 
and the range of 7 - 9 atom %, respectively from the analysis result. 

[0128] Man ^roftorij^o o lthe rare earth-iron-boron system magnet-alloy particle powder 
obtained i/f Table 1 and 2 ip the main manufacture conditions at this time are shown in Table 3 
and 4. 

[0129] The example 1 (single roll formula melt quenching method : Japanese Standards 
Association issue "talk of amorphous metal" (1988) the 36- 37 pages) of comparison 
This molten metal was thinly extended on the periphery front face of the rotation cooling object 
of a forging roll die which obtain an alloy molten metal like the gestalt of implementation of the 
aforementioned invention, and this alloy molten metal is made to flow out of a nozzle with gas ... 
pressure, is arranged in the outflow direction of the alloy molten metal concerned, and rotates to 
lengthwise, and it made thin band-like one carry out cooling solidification except having 
considered as alloy composition of an example 20. The obtained cooling congelation was a thin 
band with a thickness of 30-50 micrometers. The thin object concerned was used as powder 500 
micrometers or less using machine trituration and the sieve. The particle shape of this powder 
was GAREKHike as a result of electron microscope observation. The manufacture conditions 
and many properties of GAREKHike powder which were acquired are shown in Tables 2 and 4. ; 
[0130] The cooling congelation was obtained like the gestalt of implementation of the - 
aforementioned invention except having considered as alloy composition of example of 
comparison 2 example 20, and having flowed out in generation of rapid solidification object - 
particle powder, and having not sprayed gas on an alloy molten metal. This cooling congelation 
has the uneven thickness of about 100 micrometers or about 1mm, and was presenting the . . 
tabular gestalt at which it swerved and turned so that it might lenticulate. The solidification 
object concerned was used as powder 500 micrometers or less using machine trituration and the 

C-stever^^wdaee^Tnamifacture conditions and many properties which were acquired are shown in 
Tables 2 and 4. 
[0131] Th erg5cample 3 (the gas atomizing method : Maruzen issue "a metal handbook" (the 932- 
93.3rd pages of 1 990 issue)) of comparison 

Except having considered as alloy composition of an example 20, obtained the alloy molten metal 
like the form of implementation of the aforementioned invention, this alloy molten metal was 
made to flow out of a nozzle, and the inside of such a sufficiently large chamber that it does not 
collide until it makes the drop of an alloy molten metal generate and the drop concerned 
congeals by spraying gas on the outflow alloy molten metal concerned was flown. During the 
flight the rapid solidification of the above-mentioned drop was carried out, and it fell. The 
obtained body was spherical powder which has the diameter of several micrometers, or the large 
particle size distribution of the range of hundreds of micrometers. Powdered manufacture 
conditions and many properties which were acquired are shown in Tables 2 and 4. 
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[0133] 
[Table 2] 
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[Table 3] 



van* 




Mm 


na 

fa 




van 

tt & 


Vi57Z 
OVtt 






OCX) 




KOtt 

05BaSiS 




rfflffttb=l 


Ml) 

no tits 


ffld 


S2S 

IC 


i H c 
fcOe 


a*n» 

(no 0 

OD0O*) 


Tc 


txetiis 

AS* 


arc* 

EfSS 






230 


ISO 


19 


1.7 


IT 










9 




4.0 


13. 2 


i?t 


60 






245 


165 


14 


l.S 


11 










6 




4.6 


16.5 


424 


60 






■ 3S5 


its 


IS 


1.5 


17 










5 




5.0 


16.9 


343 


84 


***** 




2ff 


145 


IT 


1.8 


16 




.12 


28 




6 


10. 8 


4. 1 


IT. 1 


361 


72 






255 


155 


IT 


1.6 


IS 


sisttfstrat 








6 


10. 5 




16.9 


43) 


7? 






245 


IG5 


13 


1.5 


IS 










8 




4.2 


15. 4 


360 


60 


**«7 




205 


1S5 


19 


1.4 


14 










10 










60 






286 


he 


2i 


1.6 


n 










10 










60 






335 


2)5 


3S 


1.4 


10 










& 










60 


mm 




295 


IBS 


It 


1,5 


14 








2G 


10 


LSiJ 


iiZ 


15. 3 


HI 


72 






295 


IBS 


25 


1.6 


11 










9 






15. 5 


]7j 


60 






313 


235 


33 


1.4 


10 




10 


30 


91 


9 


10. 8 








60 






215 


165 


13 


1.5 


is 




Tj 


29 


94 


6 


11. 1 


4.7 


17. l 


432 


60 


nw* 




286 


206 


24 


1.4 


13 




10 


30 


90 


10 


11.3 


6.1 


16. 1 


431 








285 


IBS 


11 


1.5 


U 






26 


■ 91 


9 


11.5 


4.8 


17.1 




60 






245 


155 


11 


1,6 


14 




15 


25 


91 


9 


10.3 


4.8 


_ 16.7 




1 * 






265 


155 


H 


l.T 


19 




13 


' 27 


95 


5 


10.5 


4.8 


17.0 




60 






283 


ZDS 


25 


1.4 


11 




14 


20 


91 


9 


10.1 


4.9 


17.2 


J62 


60 






316 


206 


21 


1.6 


11 




12 


26 


90 


10 


10. 2 


6.7 


18.3 


433 


60 


3t*8ffCO 




120 


P5 


( 


1.3 


20 




14 


26 


90 


10 


10.3 


3.0 


13.5 


430 


84 



LV3 



01 35] 



tftt«« 


4 ;£ * ft ti* © * <9 SI tttt 






MS 

en 


Mm 


? 

Mm 


*P«3«tt 








001) 




tttt 


(ess ^io 


KB 


rfB(a+4>=10OI) 


era 


tJ'JC 

O r 
EG 


i He 
kOe 


(KOc) 


Tc 




t3GtG3 

am 

£10 


Sf&f 




K 


490 


410 


90 


1.2 


3.0 




73 


27 


93 


7 


11. 1 


4.1 


U.) 


427 


00 






470 


42S 


S3 


1. 1 


5.1 




60 


31 


04 


6 


10.3 


4.'i 


13.6 


430 


60 






429 


154 


80 


1.2 


5.4 


s/istais 


54 


46 


92 


8 


10.2 


6. 1 


11.4 


401 


60 








333 


210 


36 


1.0 


9.3 




43 


37 


93 


7 


9.9 


0.4 


11.1 


302 


60 


SI 






277 


341 


51 


1-1 


5.4 


i'istac 


30 


61 


03 


7 


0.8 


6.9 


19.3 


382 


60 


*J 






290 


150 


34 


1.9 


8.5 


twc 


21 


79 


96 


4 


10.2 


6.4 


19.5 


360 


60 


a* 


bi 




3*5 


1S8 


49 


2.1 


0.0 


tBU 


18 


82 


99 


1 


9.8 


6.t 


ie. i 


350 


60 


an 














siatais 
tat 


72 


28 


91 


9 


10.7 


4. 1 


IS. I 


430 


SO 




fctttt 














73 


27 


92 


8 


10.0 


3.4 


9.6 


408 


48 


















73 


2T 


92 


8 


9.2 


4. i 


10.3 


417 


48 



[0136] <Bond magn et with which rare earth-iron-boron system magnet-alloy particle powder is 

mixed> The bond magnet was obtained like the form of implementation of the aforementioned 

invention except having changed various kinds of examples 28-54 and magnet-alloy particle 

powder used example of comparison 4-6. : 1 . 

[0137] The main manufacture conditions and many properties at this time are shown in Table 5. 

[0138] 

[Table5] 
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[0139] For 7.2 - 9.3kGauss and maximum energy product (BH) max, 9.5 - 12.5MGOe and density 
were [ coercive force iHc / 3.7 - 6.4kOe and the residual magnetic flux density Br / 6.2 - 6.5 
g/cm3 and the corrosion resistance of the bond magnet obtained in the example of this 
invention ] 132 - 212 hours. 
[0140] 

[Effect of the Invention] Since the foliaceous rare earth-iron-boron system magnet-alloy 
particle powder of the flat tree for bond magnets concerning this invention has the big residual 
magnetic flux density Br and the high coercive force iHc, consequently its maximum magnetic- 
energy (product BH) max is large, and it is excellent in rust prevention nature and excellent in 
the leafing effect, it is suitable as a charge of highly efficient bond magnet material. 
[0141] And under 10 atom %, since it is few, the amount of rare earth can obtain the foliaceous 
rare earth-iron-boron system magnet-alloy particle powder of the flat tree for bond magnets 
concerning this invention in favor of economical and an industrial target. 
[0142] Furthermore, the bond magnet obtained using the foliaceous rare earth-iron-boron 
system magnet-alloy particle powder of the flat tree concerning this invention It originates in the 
foliaceous rare earth-iron-boron system magnet-alloy particle powder of the flat tree to be used 
having many above-mentioned properties. Since density is large, while it has the big residual 
magnetic flux density Br and the high coercive force iHc, consequently maximum magnetic- 
energy (product BH) max is large, and excellent in corrosion resistance, and being able to 
miniaturize, it is usable for various uses. Therefore, it can be said that the industrial availability 
of this invention is very large. 
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CLAIMS 



[Claim(s)] - 
[Claim 1] It is the rare earth-iron-boron system magnet-alloy particle powder with which a 
particle shape consists of a foliaceous particle of a flat tree, the object for bond magnets 1 .1-10, 
and whose average aspect ratio (the diameter of a major axis / thickness) 3-100 micrometers 
and an average axial ratio (the diameter of a major axis / diameter of a minor axis) are [ the 
diameter of an average major axis / 60-500 micrometers and the diameter of an average minor 
axis ] 3-100 for~50-46Q micrometers and average thickness — flat — leaves — ** rare earth- 
iron-boron system magnet-alloy particle powder 

[Claim 2] Alloy composition of a rare earth-iron-boron system magnet-alloy particle is formula 
RxFe100-x-y-z-wCoyMzBw (however, R). A kind of the rare earth elements cho§£n f rom Nd, Pr 

tTb, and Ceor two sorts or more, and M A kind of the element chosen fronyX)/ ,(C^)Zr£Nt^ 
, f&Ja,0J/Qcu, Ga, Ag, and Si or two sorts or more, x, and y, z and w Respectively 
:x<=10 f UK^y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x+w), As the hard magnetism crystal phase 
which consists of the soft-magnetism crystal phase and Nd2Fe 14B1 type tetragonal-system 
crystal phase which have the composition expressed with 5< (y+z), and consist of one crystal 
phase of the mixed phases of alphaFe, the solid solution (alpha solid solution which consists of 
Fe and M) f or the alphaFe and the solid solution, respectively It has the alloy organization which 
deposits in a soft-magnetism amorphous phase, and, moreover, the aforementioned soft- 
magnetism amorphous phase is below 10 area % to all alloy organizations. Foliaceous rare earth- 
iron-boron system magnet-alloy particle powder of the flat tree for bond magnets according to 
claim 1 whose remainder the aforementioned soft-magnetism crystal phase is more than 10 area 
% to all the crystalline structures that doubled the aforementioned soft-magnetism crystal phase 
and the aforementioned hard magnetism crystal phase, and is the aforementioned hard 
magnetism crystal phase. 

[Claim 3] Foliaceous rare earth-iron-boron system magnet-alloy particle powder of the flat 
[ coercive force iHc / 3.5 or more kOes and a residual magnetic flux density Br / 9.5 or more 
kGs and maximum magnetic-energy (product BH) max ] tree for the bond magnets according to 
claim 1 or 2 which is 13 or more MGOes. 

[Claim 4] Formula RxFe100-x-y-z-wCoyMzBw (however, R) A kind of the rare earth elements 
chosen from Nd, Pr, Dy ( Tb, and Ce or two sorts or more, and M A kind of the element chosen 
from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and 
w Respectively 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x+w), The rough alloy 
manufactured so that it might become the composition rate expressed with 5< (y+z) After 
carrying out the heating dissolution and considering as an alloy molten metal, the alloy molten 
metal concerned is made to flow out of a nozzle. The drop of an alloy molten metal is made to 
generate by spraying gas on the outflow alloy molten metal concerned. It considers as the rapid 
solidification object particle powder which is made to carry out cooling solidification and consists 
of a foliaceous particle of a flat tree by making this drop collide with the front face of the 
rotation cooling object of the cone type arranged in the flow direction of the drop concerned, or 
a disk type before the drop concerned congeals, subsequently The manufacturing method of the 
foliaceous rare earth-iron-boron system magnet-alloy particle powder of the flat tree for bond 



magnets according to claim 1 to 3 characterized by heat-treating the rapid solidification object * 
particle powder concerned by the 600-850-degree C temperature requirement. 
[Claim 5] the object for bond magnets according to claim 1 to 3 — flat — leaves — the bond 
magnet which comes to distribute ** rare earth-iron-boron system magnet-alloy particle powder 
in a binder resin — it is — being concerned — flat — leaves — the bond magnet with which ** 
rare earth-iron-boron system magnet-alloy particle powder is characterized by 85 - 99% of the 
weight of the thing which it comes out comparatively and is mixed 
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•c. aK3»»«ffl«a^ta*t 6 o 0-8 5 ox#>iB* 



[pass 5 1 use 1 m.3w?tiMzim<»xy 
vwam^<rmm±m-^ - * n y%wE££& 
^m*®£mm*mTiLLx %%*y m*x'h-> 
x. mm*mm±M-&-xvy%®z~£& 
=mwfis 5-9 9fiftx<o*j^Ta-&$n'cv^s; £ 

[0001] 

JgBr.^H. 9. 5kGULhi:. aV^m^iHc. 

at. 3. 5kOeGUbi:£3ru 

x^u^-a (bh) Bai #*#<. dfi^tttfiiix. a 

o. v-y < vfw&zwxtzxy vw&HM^com 

[0002] _ 

$ixs^y m^m^mith^K^^tix^i^ 
[ o o o 3 ] #y Ha5o/i^aft<ofe«>fctt. sapews 

H)„ 1 3W*&v»ii:'3W*<5!*SfLTV\*. > 
[0004] jga^jiO.^^U^^^x^^ K^Xha 

5 j kv"^3. ) 7x7-( b^jiraM*-**** 

[000 5] U>>U i07x5-f h#>Hia5®KSi 

O* i H c ^2-3 k O e^S. «*BBHX^;K-r« 
(BH). 8l *U. 6-2. 3MGOegJgt*^T. 

V\ - 
[0006] BffiOSixffifti:ft0iWfli A ^>S*»ii;-^ 
* l> t ^ bm< .19 8 2^t^±S7cS<7)rtt-t Jt 

fefclta^S (ft) k*Bil*f*5;«-^-^ 
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[0007] fljfSXBUr'J ymtti. & ( « F e ) 
£L< ttfcfc£ft N d 2 F e , 4 B ,gjE#FHfc£ft 

[ 0 0 0 8 ) EP*>, N dmvftlMtf i oB.?%m 
5£VU 0-1 5K^%0#±£-a-*ny£lK-&$: 

I 0 0 0 9 ] IWEN dWc?)%i±M&tf 1 0^%*vSO 

Ettffli: LT a F e F e 3 B^>F e , B 

%bi) { hZ>. fif#lis HRfcHSBS3R*KBr*«l 0- 
13kGfc**VV&*»ffl0JiHctt«*3. 5k0e* 

-3 . 5-7. 7 k Oet'M^V^ i#fefeSB 
rtfl 0kGg«OTT**fc*>* "MQP" bit^h 

[ 0 0 1 0 ) t £ £T\ *±»-ft- * nf*«E££ 

£%.£(OWlM.frb . EM5fc®£B r t i H c <0 
®gBr#9. 5kGfcLL. &&fiiHc#3. 5kO 
[00 1 Nd*?<?)%i±MZ^tsmE£&\t. 

[00 1 2] ftoT. N dSW»±afc*t»Bffi£$«> 
S^fcA^T'^, fflj&tcJ^Tii. Bfe«3-x-f^ 
[00 1 3) ^yHffill B5©*fctS 



2-3470 6^mcr> r • ■ • &8ffl«>ffi*fc LT 
J: oT»**<Hfflfc¥fffc«* t ( U -7 -f 

js^tv^ ) v mizxmmitimm&z^ * 

h. ■ • • J *4£«Wj10. jKyFK5^ 

7 * yy-^mzi . TO5+fc:tJtt 6t»*^ 
8»££&S£.Bf S - ^ KB?B*)ft 
«®^SJ^ B r t s t>v ^-C JifycO^^*^- 
« (BH) ^mfrhZblM&btch. ZZX\ 'J 

[ 0 0 1 4 ] BD*>. *&*»§HaJl!**B r kSV^ftK - 

* i i h c b t^r t . -e ^e»,_fk*e^:^^f-s 

yfWmzmtiKMttvmttftlM-®- #d y^m 
S-^Mi^ & v **^< 3S*S*iT V^i) cOT'J) & . 
[ 0 0 1 5 ] 4iJ, F e (3fe*f 9 1 Wt% 

mx-hh. ) i«xtt2«KUio«dd«7i* 
( r ) ; - b *s ( b ) ^*wt4-ft>&*A«5tmfc*j 

R-Fe- BJfflrattft^^ *t^fl^*»>;^* 
*ASBffi*fSI443H3lT*4 (SfW^S-J. 6 231 2^. 
^?fi) . ~ ' ' ' ' , '. 

[0016] ". ' 

r h^v>ftSy3 i H c i: £3f U -e^^; §7ClS^X 
*A^f-«'( B H ) . B. 

mtt. &i>'m*ZiiX^hbZ*>X' 

MG^ft?®mt*KftbtiX\^\ 
[0017] E0*k ^^¥8-162312^^ 

5 j fc«S«jB**Br*«0. 6 2-0. . 9. 7 T (6. 
2-9. 7kGtffl^-TI>. ) SJS. i He** 

0. 16 — 0. 21MA/m(l. 25—2. 6kOe' 

izm-th. ) «*«ax*>wf-a-<BH) aa 

^19. 7—72. 0kJ/m 3 (2. .5-9, 0MG 

i Hc7tt«*3kOegj£. SSm^SJSBr*<ft^ 1 
0 k Ggg i: iS^ t <T>X'h r> ti . 
[0018] wiiMm¥8 - 1 6 2 3 1 2^&«W)W6 
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[00 19] ZZX\ *mi\±* *#*»98SS»«B 

r kisivfto* i h c t ^ t , *«>s£ifL fi*smx 

( BH ) < . R6Sttttt£l. -B- 

m±®-&- jKo ^jsaffi^s^ £ * 

[00 2 0] 

hps fc*>«>*ai wna*»«as»i* <x<?> 

[0021] BP*>, #*5Bi. &i^*W*<^# 
#5 0~4 6 0junu WS$#3~1 OO^rn, 

hit ( m®L/&% ) # 3~ i o ox-h &#> m^sm 

to02 2]' ±tz ! ^dbi-^- *° 

B, (fcrtfU R{±. Nd. Pr. Dy. Tb&t/Ce 

iJ^Cr, Zr. Nb. Mo. Hf , Ta>W, M 
n! Cu. Ga, AgRtfS i*fc»fll*7C*«>-« 
x. y. z&l/wfi, -tivei-U 5S?x 
glO. 1. 0^y^9. 0. 0. Uz^5. 2£w 
SS7. 9^ (x + w) . 5< (y + z) ) X-mh^itl 
ffij££#U fi-?. aFe, ii(*(aFe!:M!:M 
$r*H»*) XliaFe kHJ8#«S^«^v^"fti^> 
JS B B B ffl*^=5:-S®:iattM B a B ^N d 2 F e 14 B,SiE^ B B B 

«>. Mfe^Ktt^a^ffi^^^^i-i oros% 
m%&±x'hix. ^miwm/&^^ix'hhmi 

[00 2-3] Hc#3. 5k 

BSRX*A^-a(BH). ai *«13MGOeJai:T* 

[0 0 24] #^12. SR 1 Fe, 01 .,.,. 2 ..C 
o,M : B, (fc/SU Nd, Pr> Dy. Tb& 
l/C e ^fel!tf*l4»^8l7E*0-aX»iaiKU:. M 

12. T i . V. C r, Z r, Nb, Mo, H f . Ta, 



W. Mn, Cu, Ga, Ag&XfS ifrt>MlftlZ>7iM 
«0-SX(i~ai-Xh. x. y. z&lAvli. Ztit'ti. 
5£x£10. 1. 0^y^9. 0. 0. l^z^5. 
2gw^7, 9^ (x+w) . 5< (y + z ) ) 

*tu awe. ssL^ssfta^ffi** 6 0 °~ 8 
5 o^SEfEMD^Wf & - i: **tia fc-f 4 

[oo25] ta. m^-ftiiroxym 
aa«¥*^ai««±a-* - * a y«5££&^ 

*#8 5-9 9mA%<r>WfeX-&£&£$tiX^SZ t 
iffl&b -tb#V Y-WfcX'fo 5_. __ _ . 

""" [ o r "d IT] £ 6'ftt'<i^ttlTf, <x 

[ 0 0 2 7 ] i-f . *»Wfc«4 HBffifflfll¥*<0 

[0028] *5WBtC^"4 jK^ HBffifflftJJS-ft-* 

T5|«^i*T* 0 . ^m^^^fiSiSli 6 0 - 5.0 
0^m. ifit<Ji80~500^m. i9»"4't-<fi 
1 0 0-5 0 0 juiTfco-C, 3 P«Bttffli5'.0-4-6. " 
Ojum. ffiL<{S7 0~4 6 0^m. J;D»iLt<{± 
8.5-4 6 0j«Bt*-)t, T*^JiS«i3~WXP/* 

@/®l4S)«l- 1~1 0. Jf4L<til. 1~5. 
J:9ff4L<ttl. l~3tfcot. T^lT^^Hit 

(^$W2/J?$) tt3-l 0 0;$f£L<{i3~5 0, 
XVmLKliS^OX'hb. 

[0029] *3HBfcffi4 JK^ HBffifflllT*^^ 

[ 0 0 3 0 ] 1&B£*ffll£tt, *R,Fcioo-i-7.-*-« c - 
OyM.B.tH^ft. 5«+, R«4. Nd, Pr; D _ 

y. Tbav f ce*»^atf*t*«±a7aR«>-ax»4_ 

■fWf. Nd. Pr, Nd-P r-^5.lX^il^WfeW 
ftdOKaR^S^nfctO^ffiK^ Nd. Pr** 
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[00311 Rftli. 5£xSl mt<li 
5. 5Sx^9. J:D#*L<»i6£x£8"C2l>4. x 
i)< 5 m<&feMi> N d 2 F e , 4 B , §3jE£A$8ftffl 

Fe. @${MaFekMkfr'c>&4llv§ftO X(i«F 
e k aaf*WS^ffl<^ V ^ ilfl^iSlaffl -frhtth WBXt 

m^mco^m^+^x\ b r ^ i o k gullosh 

[0032]Fegti. 100-x-y-z-wtS? 
*U ^H^fcft LT 6 9—8 6 %<7)&Bt'&& 7 6 9% 

@Wkt49. 5kGJ2lbW*WvfrV*. 8 6%5:®x. 
0. *#fltf>B«fc*f * Hc#3. 5kOeJa 

[ 0 0 3 3 ] C ote. M7C«k k fc'(CftBtf)*>l*Lh« © 

[0034] Colli. 1. 0£y£9. 0Tfc»K ff 
* t <i \t l,5SyS9 .0, . Jt 9JEF* k<.«2 i M. 

yk9 . or^i; iv oii"(oSc{±. &m** 
A »-&D±Jlltf+»-&:<%£%&£$Z- 9. OS: 

<mTtfwmt & o.io k-GfiLtam ^n^v. 

[0035] Mtt. TL V, Cr. Zr. Nb. M 
o, Hf, Ta. W. #n N Cu. Ga. Ag&l/S i 
*»featf*l4-«JSLh«Jc«-C* 0 . N d , F e , 4 B, fi 

WfcifctfT**. «Fe. SK§ft (aFekM 

n^tSffiia**^ *4«Bttt»SA%ffl *£5Efl2fe*:* * H 
©5^ffl:fete^£5£tt£&#£1~ 4 i k 4 . 
[0036] mW7iM<Oft. Mn. Cu. Ga. Ag 

J: ~>X X 0 »v>«Sfc& - k * . 
[00 3 7] M7c3l<Ofil±0. UzS5t*9.Jf4 
L<ii0., 2gzSS4. <fcD#£L<J40. 3^z£ 
3. 5T*4. 1 «a*om±S6«fc 

(2. ft%j£# (Fe.Co) QM&m 2>B r 
ffl<. 

[00 38] MfBM7C^<0d*.. Ti. Zr. Nb. H 
f.Ta, Si&tfGali. ftH«J*>|6|±fcSW4fc 

I 0 0 3 9 ] Bli . N d, F e , « B , S3E*A*tS*W*» 



0. *tf>ftli, 2gwg7t'$>0s Jf*L<»42. 5=S 
w g6. 5. J;9ff*L<U;3£w£6. 5Tfti. 2 
*Sf*>«£fcii» N d 2 F e i, B, SEfraSgftffl*^ 
=5r6«»tt*SftfflOff ajffi#*3fc#k & 0 , i H c ^ 
3. 5kOefcfcfc£v\ 7 £ jig i. 14. B#3S 

[0040] R*RtfBJM)«W\ 9^ (x+w) T"S> 
0, ftil<ltlO&.±X'hh. 9*}»<0tt£fcHU & 

io.Tfc i HcS3. SkOefc^BBTfcfcV*. 
[ 0 0 4 1 ] C oS&ffMfltfJWli. 5< ( y + z ) f 
■frSSft*^ fc*ifc< <*6. ***»BSBajafKB r 

i«&ti - k zv>±mm\& 1 1 

[0042] *^BK1«4 HBSffl*l¥*<oaM^ft 

"'ir¥IIEo\^tlKVr''" " "-—'—^ ' 
[0043] *SKB*c«4 jK^ h'^fflffiW^SI^ 

[0044] ««1S^AMtia#^^ffl«^itocflWl 

[0045] IWKieisAMWatt.. 8~2.QKf 
L<tt9~15KWO«±SRi:7 0~9 0i8fiF%, ff - 
*U<<± 70-85 H^XO^iSLttft ^lK5c*M k.^O 
■&Ak 2 2^%mT. ff4 L<I45-1 81SW3tf 

[ 0 0 4 6 ] * fc , tt»tt»ft« k ^Ktt^ B B B ffi k 
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[0047] m&m&mu. juwmtfmtiftti 
[0048] if%m^h^y Haffifflfti¥*osi«ft 

Htffitt. «Fe. @8fMaFefcMfc*»$>$rft@» 
AO Xtea F e iiSW^fflW^ftli^fia* 1 

«KB r fc^Tf * H£&&&& : F8*£ft * - fc * 
V*. GUBtfJ i H c £|6|±3tf4fMH£ffl ^i8£g B B B ffl 

[0049] RKttlSftffl^^SSfiS^^ 5-10 
0nm#»*L<» J:D»4L<ttlO~5 0nm<0|g 

[0050] ®Ett^ B B B ffit<i. «Fe, ( a F 

efcMfcj&»fcfc*il»f*> X»iaFekH»«!<oa-&ffi 

.. .^.Vim*^ B B B.fflJl^li& £ e 3lB. v F e a ^ s _i^_fc _ 
M fc ^B»tt;' F e 2 Z r =3: fc'tf) F e t M 

[005 1] #fS B J!fcfl»4'K>' KflflBfiflH 1 **)*** 

mi&m.®&I , Bmi. N d 2 F e 14 B!SlE* B B B ^ B B a 

[0052] 9 0fift%£&£*4£tt« ttffitt&fiffl 

*JHB<0BWi:f SftflK* i H c tS£#irfixlf . *0 
TIMKilOiffltJfcWJiU*. J>)#4t<{i2 0~ 

[0053] ts&mB&SMit* mm* i h c 

B B B ffl+KAD. J*#tt3£»fc|ilJb3i^ issues® 
[0054] «BS1£»AffiiCtt. N d t F e, 4 B,fift£ 

[0055] jm&&£kw<7>¥mi£mt. 5-10 

0nmWT*W*t<. J:0»it<{ilO-5 0nm 
[0056] KB&EfflflH 1 *^*** 

Br#9. 5kGOL. tf4U<ttlO. OkGfcUiT' 
ftO. ftttfli Hc*<3. SkOeJSUt. #4L<ii 
4. OkOeOhfctfU ft*»9Ut*^-»(B 



H) ,„tfl 3MGOeOt.'ff*L<ttl 5MGO e 

vxtztth. ^(o±mma. n^m.ms rt<i 3 

k G. iHc^8kOe > ftfcBSfct*^-?* 

(BH) aaI #2 5MGOeT'l>&. fc*J. JJW>ffi* 
<G»Stf$tt<0rt, B r liEERflMOB r A^MELT 
I|ilU^ti)D, (BH). al «0fttrt-«>Br*: 

JHWCfTT>fc. 

[ 0 0 5 7 ] 4fc. *^(c«6#y Kffi^fflfiiT*^ 

ti, j I S Z 2 3 7 1 fcg-2<»S*i68iaR8*:«fc 
0 , jffltf 1 0iBa%S: Aft* 4"C<Offii«H3&y«Sr< 
fcfc5 0B*EiyJL #4L<tt5 5B*HfcLt, i0»4 
L<li6 0B$RgeUbT'^>o-C. ft#<DNd-Fe-B& 

[0058] iKfc. *5K«cfii5' jK^ FBffiJflflT**) 

[00 5 9] 41*. AR,Feio».,.,,,-.Co,M,B, 
<fc*5U Rtt, Nd, Pr, Dy.Tb&tfCe*^ • 

stfixi»#±«7t^o-ax{szai^Lh. mts t i , 

"v^Cr r Z R""n¥v" M^T- H-H- T a „' W v '.Mn . ., 
C u . G a&l/S i t>Miftlh7m<0-mX\t-mL 
±. x, y. zRtXwti. -eil-eit. 5^x^10. 1 
Syg9, 0. Uz^5, 2gw^7. 9^ (x + 

w) s 5< (y+z> x-mtiz>mj8Mfet%zm^ . 
[0060] mm^mvummt vxa. hjirw*,^ 

£«ffl-r*iifJ:<. ^ * 

[oo6i] iaa^ftttiafik u^«±^ MMi><o*& 
[0062] ftsft&sfttt. ^w^r-^^isa. © 

[0063] #^>ii^l«feffi^S:i)D^filLT 
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[0064) ffilE?§Mffigli . -fr&aijfcfcJB tTifctfxh. 
[0065] msfflSPtzxxk ix\i*ft&tfxtf# 

■h\t. 5— 200kgf/cm 2 . $?4L<lil0— 1 
OOkgf/c mH'hh. 2 00k gf /c i^StS*. 

[0066] «rlE@K?ft»*«»K«tt. RitSXliR® 

0-2 0 000 rpm, #4 L<t±3 0 0 0-1 2 0 0 
0 r p m"C*.4 . 0KgSC# lOOOrp m*JB*>*&fc 
12 , ft ^SAftSISIMa* k* 5 L*«=5r «3 & 
0. »ttt£f I: 0, fcifrfci Scares** 

4 . * y H^«S^*V)ffiib6(H-*icft ^>ft£ < 

*<D®$im\i. PMoHgfcffl 

#H4 U\ 

[ o 0 6 7 ] 4 fc „ X 0 . miieffi-^^Jn^^ : 

»<£IS£ H-SlrtTSitt LTfroT i> J; n. 
[0 0 6 81 =5r*k W»fc»ffllHk$««»ii:!ar<H- 

t$wmzfi~>xi>^\ 

[0069] srfc. 0KJ&ai*fc i*?ft5waafc*jv^ 

[0070] taiEiae^i* 1 1 4»»aiifc J o -t«# 
[0071] ;«^aiii< xaiasrfcj: ot* 

a-Ffre-?**U SiSimBMi (TEM) IZ 
8. l^&SMKJoTii. ftftKO^aHUWl 0 0% 



[0072] ^<7)^ B e B M-^fflil{i^145:^L^fc 

[0073] 1315Jn&«UItt. 6 0 0-8 5 O'CcDiag 
ielffit'ffd. 6 0 OiC*8!0>*£li. Nd 2 Fe lt B,I 

3. SkOeKthWSfiaaj^Ml*^ 8 5 0-C2:S 
i&^ti. «Fe. ®j§*(oFei:M*:*»Mr*® 

1a *» * * sffitt^fiffl m*i&&tfss& iz # o 

369eBLt=<<*0. 4fc. »«Fr6*lSEtt^fl«ffl^ 

tfiw . - : \ 

foo74] mm^Mm^zminm^ii. 

KlilO-'Torr OT^Sffi+jWSt U V \ 
[0075] t^EMWaffllttJWSWS^Htti ^< 

^<kt>iB§siart* { s4L<; i«ia*.v 

[0076] iwawBaafc i o > iMHWiSfe^fJltta; 
i t * < . L10 ®s%mT^^*ffi '• 

[0077] ^jt^fca^fcaswfcV^fcfc 

unci o . #&m<v%%mivm#ri&%ww 

Hi, i 1 1 X-* h<r>x\ mm&&^<vl&%i>%g:X 
hi. mf&m&vm ix&: 777 ^ir--u y 

[0078] l»^ B B B «ffl<7)^£§'l^iiif4 L<[ti 

1 - 1 o^m%. xvm t < a 9 wfttxtyTz-ts* . 
1 iB«x*8rcii«fe^B w^-riiiaa*^ *>tvr » 

1 0 0 7 9 1 *fMBtc«6 nasfco^-ca 
^4. 
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[0080] #*!flfc«4 X> , #»9ifc{S4 

*y m-zmmy-*comm±m-&- y*a&& 

WJfc *»^4r4 . #fMM4 tfy KBffifflflPP*^ 

(Ot^izlt. 8 8~9 3fifi%*«t<. flaJJSJB* 
y FfflPB 4>*£fc»i. 8 5-92 mSXtf&t t < . BE 
^^y'HaS^*I^{±. 9 5-9 8. '5fifi%# 
ft&K. 9 6-9 8. 5gfi%#J;D0£L<s tfP 

y^-j&gtfy KBffio«^t:tt. 8 5-9 ofifi%# 

[0081] *»«BtC«R4*y SSIS^^ 
Br#7. OkGJSLt. #*L<I47. 2kG«±Tfc 
9.8BttiHc#3. 5kOeHt. j?4L<{43. 
7kOeJjLL£ : fr U **X*;l/3M* (BH) aai * { 
9. SMGOeJjUL »£L<J±9. 7MGOeHi, 
i&g**6. lg/cm'JjLLfc^Tt*. 
... [0082]. 2r.S_ *JIH|fcMM^>'l^i.t.ft : .... _ 
(4. 8 0°C. 9 0%l«ii«0^TT'. ^M*n Offi 

±#24 L< . 1 3 OiSHBLJitfJ: DS£ U\ 

[0 08 3] aic. *j«HK:«6#yHae«iSsat 

[0084] *»^fc«R&sKy HBfBtt. *5EfiHfct86 
*y HSJffiMI¥*<03itttft±a-«c- sKoy»«^ 

1 0 0 ss-i wg&^mmt ix\t. mmzi. ->x 

a \s>y-mntir££\imm&®&tfmix'Z . je 
mmv^zte. M»W'^. miss* 
israittsi&fcLTtt. -Muy (pa) a. rjrot- 

py(PP) a% % xf-pyh'^/ur-fer-b (EVA) 
.^71-1/^77^ H (PPS) Ik. Wl£\M 
m (LCP) X7^h-?-l ^^SWfflJ&WU 

[0086] mz*mifc&2>xy m^mm^nm 

Ji, 8 5~9 9Sfi%t'*>9. &&%%.&Wtelt- 

mz£*)m-m%hi)K ^tamiza^xit. 88-9 

3 MtXjWff* L < , J?iM»T1i 8 5-92 fim%* { 
i?£L<. E.ffil&.BX'tt9 6~~98. 5MM%mtt 
<. *^y^-^"C'ti8 5-9 0SS%AW4LV^. 
8 5ttftK*»«0*££li. »B£A» : H»*«>*tea < 



mz&^x&fct h z. t h . 
[0087] xymttmm.thizmix. & 

[0088] CiX^j&MlkL gWOStTStJJfti 

mnnzfiitzMR&zm-fh - 1 . zvizm 

l»^WWU0. 0 1-5. Ofift* 
[0089] fflSSmt LTti\ XtTV >m *<D& 

mzntxo. 01-1. otf%»iffltn.. 
[0090] tuiex? 7 7* 'j ytfflk utti. fifflfflisi 

KtcJtUTO. 0 1-3. OSfijfllStfffiJfl-C**. 
[ 0 0 9 1 ] fjfeS^i. ^yx;^W-> = 

«{4-i^^}g. z.mmm. ammmm. witai^ 
[0092] msjsam£.£ DjaaK!iniU"Cft4itfcjJt 

[009 3] 

[0094] %±m-&-#p>&&G^n?®jfcf. 
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